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@ Bayonet bearing retainer. 

(S^ A bearing retention arrangement is disclosed 
for rotatably supporting a shaft (27) within a 
bearing opening (75) defined by a wall portion 
(35). The bearing retainer (83) Is cylindrical and 
includes a pair of bayonets (89,91), and the 
bearing opening (75) defines recesses (77,79) 
which confomn generally to the bayonets. After 
the shaft (27) is in place, along with the bearing 
inner race (63) and bearing members (65), the 
outer race (67) is pressed Into the retainer (83). 
The retainer is then passed through the bearing 
opening, with the bayonets passing through the 
recesses, until the bayonets (89,91) are dis- 
posed adjacent a forward surface (71) of the 
wall portion (35). The bearing retainer is then 
rotated until the bayonets are no longer ro- 
tationally aligned with the recesses, and finally, 
some fonn of anti-rotation device (95,99) is 
installed to prevent rotation of the bearing re- 
tainer from its assembled position (FIG. 3). 
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BACKGROUND OF THE DISCLOSURE 

The present Invention relates to devices In which 
a shaft is rotatably mounted within a housing, by 
means of a set of bearings, and niore particularly, to 5 
an Improved bearing retention arrangement for use In 
such devices. 

Although the present Invention may be utilized 
with a number of different types of devices, it Is es- 
pecially advantageous when utilized in conjunction 10 
with a compound, change gear mechanical transmis- 
sion, and will be described in connection therewith. 
The present invention is even more advantageous 
when utilized In such a transmission of the type In- 
cluding at least a pair of countershaft assemblies, and 15 
the Invention will be described In connection there- 
with. 

Typical compound change gear transmissions 
are Illustrated and described In U.S. Patent Nos. 
4,290,515 and 4,736,643, both of which are assigned 20 
to the assignee of the present invention and incorpo- 
rated herein by reference. Such transmissions in- 
clude a main transmission section and an auxiliary 
transmission section, with the two sections being 
separated by a transverse wall portion, normally 25 
formed integrally with the transmission housing. The 
main transmission section includes a pair of counter- 
shafts, each of which is rotatably supported, within 
suitable bearings, by a forward wall of the transmis- 
sion, and by the Intermediate, transverse wall sepa- 30 
rating the transmission sections. 

In many devices of the type described herein, the 
housing of the device is cast aluminum, or some alu- 
minum alloy, while the outer race of the bearing set, 
which is disposed within an opening in the aluminum 35 
housing, is made from steel. The coefficient of ther- 
mal expansion of the aluminum differs substantially 
from that of the typical steel bearing race, and as a 
result. It has been known for the outer race of the 
bearing set to become loose within the housing bore 40 
at elevated temperatures, and merely rotate with the 
shaft and bearings. 

In order to eliminate the possibility of the bearing 
set becoming loose within the housing bore, those 
skilled In the art have utilized bearing retainers, which 45 
are typically cylindrical, sleeve-like members which 
typically have a coefficient of thermal expansion clos- 
er to that of the bean ng outer race. The bearing retain- 
er receives the bearing outer race, and is received 
within the housing bore. One common arrangement $0 
has been to provkle the bearing retainer with a radi- 
ally-extending flange, which Is then bolted to the alu- 
minum housing, or attached thereto by some other 
suitable means, to ensure that there will be no rotation 
of either the bearing outer race or the retainer, relative 55 
to the housing bore. 

The flange on the bearing retainer may also be 
useful in taking up some of the axial loading applied 
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to the s haft being supported, such axial loading other- 
wise tending to move the bearing outer race axlally 
relative to the housing bore. Unfortunately, there are 
a number of devices in which a shaft is rotatably 
mounted within a housing, by means of a bearing set, 
wherein the conventional, prior art bearing retainer 
sleeve either cannot be utilized, or if utilized, can only 
be installed in a manner which fails to take maximum 
advantage of the inherent benefits of the bearing re- 
tainer. 

SUMMARY OF THE INVENTION 

Accordingly, it Is an object of the present inven- 
tion to provide an improved bearing retention ar- 
rangement which does not, by its configuration, limit 
Its applicability. 

It is another object of the present Invention to pro- 
vide such an improved bearing retention arrangement 
which simplifies, and therefore makes less expen- 
sive, the assembly of the bearing retainer as well as 
the means for preventing rotation of the retainer. 

The above and other objects of the invention are 
accomplished by the provision of an improved bear- 
ing retention arrangement for use in rotatably mount- 
ing a shaft relative to a housing defining a bearing 
opening. The shaft includes a mounted portion adapt- 
ed to be received within the bearing opening. A bear- 
ing set is disposed radially between the mounted por- 
tion of the shaft arid the bearing opening, and a gen- 
erally cylindrical sleeve member is disposed radially 
between the bearing set and the bearing opening. 

The improved bearing retention arrangement is 
characterized by a leading end of the sleeve member 
includes at least one retaining portion extending radi- 
ally beyond a cylindrical outer surface of the sleeve 
member, whereby the leading end of the sleeve mem- 
ber defines an overall profile which is non-circular. 
The bearing opening of the housing Is configured, 
over substantially the entire axial length thereof, to 
correspond approximately to the overall profile of the 
leading end of the sleeve member, to permit Insertion 
of the member, while In a first rotational orientation, 
into the bearing opening. During Insertion the leading 
end of the sleeve member moves axially In a first di- 
rection through the bearing opening to an axial posi- 
tion In which the retaining portion is disposed axially 
forward of the bearing opening. After rotation of the 
sleeve member about an axis of rotation of the shaft, 
to a second rotational orientation, the retaining por- 
tion is disposed in engagement with a forward sur- 
face of the housing to prevent substantial axial niove- 
ment of the sleeve member in a second direction, op- 
posite the first direction. The bearing retention ar- 
rangement includes means operable to maintain the 
retaining portion of the sleeve member in the second 
rotational orientation, in response to radial and axial 
loads being applied to the shaft. 
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BRIEF DESCRtPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of a compound 
change gear mechanical transmission of the type 
with which the present invention may be utilized. 

FIG. 2 is an enlarged, fragmentary axial cross- 
section, taken on line 2-2 of FIG. 3, illustrating the 
bearing retention arrangement of the present inven- 
tion. 

FIG. 3 is a fragmentary transverse plan view, 
looking from the right in FIG. 2. and on the same scale 
as FIG. 2. 

FIG. 4 is a transverse plan view, similar to FIG. 
3, illustrating the opening in the Intermediate wall por- 
tion. 

FIG- 5 is a view, similar to FIG. 3, and on the same 
scale, illustrating only the bearlng retalnerof the pres- 
ent inventton. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENf 

Certain terminology will be used in the following 
description for convenience only and will not be linr>- 
iting. The words such as "right", and "left" will desig- 
nate directions in the drawings to which reference is 
made. Words such as "forward" and "rearward" will 
refer respectively to the front and rear ends of the 
transmission as conventionally mounted in a vehicle, 
being from left and right sides, respectively, of the 
transmission as illustrated in the drawing figures. The 
words "inwardly" and "outwardly" will refer to direc- 
tions toward and away from, respectively, the geo- 
metric center of the device, or an axis of rotation of the 
element to which reference is being made. Such ter- 
minology includes the words specifically mentioned 
above, as well as derivatives thereof and words of 
similar meaning. 

The term "compound transmission" is used to 
designate a change speed or change gear transmis- 
sion having a main transmission section and an aux- 
iliary transmission section, connected In series, 
whereby the selected gear reduction In the main 
transmission section may be compounded -by further 
selected gear reduction in the auxiliary transmission 
section. Although the use of the present invention is 
not strictly limited to a compound transmission, the 
invention Is especially advantageous when used with 
a compound transmission, and will be described in 
connection therewith. Several typical compound 
transmission configurations are illustrated and de- 
scribed both schematically and structurally in U.S. 
Patent No. 4.788,889. assigned to the assignee of the 
present Invention and incorporated herein by refer- 
ence. 

Refenring now primarily to FIG. 1, which is not in- 
tended to limit the invention, there is illustrated sche- 
matically a range type compound change gear mech- 



anical transmission, generally designated 11. The 
transmission 11 Is a ten forward speed transmission 
comprising a front, main transnnission section 1 3, and 
a rear, auxiliary transmission section 15. Although, in 

5 the subject embodiment, the main transmission sec- 
tion 13 comprises the "front" section, and the auxilh 
ary transmission section 15 comprises the "rear" sec- 
tion 15, the invention is not so limited. 

Typically, the transmission 11 is disposed within 

10 a housing 17, and includes an input shaft 19, driven 
by a prime mover, such as a vehicle engine E through 
a selectively disengaged, normally engaged friction- 
type master clutch C. As Is well known to those skilled 
in the art, the clutch C has an input or driving portion 

15 21 , drivingly connected to the engine crank shaft, and 
an output or driven portion 23. rotatably fixed to the 
transmission input shaft 19. It should be noted that 
the portion of the housing 17 adjacent the input shaft 
1 9 is subsequently referred to as a '"forward" or "first" 

20 wall portion, and designated by the reference numeral 
•17". 

In the main transmission section 13. the input 
shaft 19 carries an input gear 25 for simultaneously 
driving a pair of substantially identical countershaft 

25 assemblies, generally designated 27 and 29. The ref- 
erence numerals 27 and 29 will also be used herein- 
after to refer specifically to the countershafts them- 
selves. The countershafts 27 and 29 are provided on 
diametrically opposite sides of a main shaft31, which 

30 is generally coaxially aligned with the input shaft 19. 
The housing 17 typically includes a rear wall por- 
tion, schematically designated 33 in FIG. 1. Disposed 
intermediate, axially, the front wall of the housing 17 
and the rear wall portion 33 Is an intemiediate wall 

35 portion 35, which is shown schematically in FIG. 1 as 
comprising two separate wall portions but which, as 
is well known to those skilled in the art. structurally 
comprises a single wall portion, and is shown frag- 
mentarily In FIGS. 2 and 3. The countershafts 27 and 

40 29 are rotatably supported, relative to the housing 17 
and intermediate wall portion 35 by suitable bearings, 
only the bearings in the wall portion 35 being shown 
herein, such bearings being designated by the refer- 
ence numeral 37. By way of reference, the bearings 

45 37. supporting the countershaft 27, are shown in FIG. 
2. 

The various countershaft gears disposed on the 
countershafts 27 and 29, and the various main shaft 
gears disposed on the main shaft 31 will not be ref- 

50 erenced or described herein, in view of the above in- 
corporation of the several U.S. patents. Similarly, the 
various sliding clutch collars, used for selective 
clutching of the main shaft gears, will not be refer- 
enced or described herein. Finally, the various control 

55 mechanisms, including shift forks and the shift bar 
housing assembly used to control the sliding clutch 
collars will also not be referenced or described herein. 
Referring still to FIG. 1. the auxiliary transmls- 
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sion section 15 Includes a pair of substantially identi- 
cal, auxiliary countershaft assemblies 39 and 41, and 
the reference numerals 39 and 41 will also be used 
hereinafter to refer to the countershafts themselves. 
The countershafts 39 and 41 , which are shown only s 
in FIG. 1 , are rotalably supported relative to the inter- 
mediate wall portion 35 and rear wall portion 33 by 
suitable bearing sets. The countershafts 39 and 41 
canry auxiliary section countershaft gears 43 and 45. 
respectively, fixed for rotation therewith. The gears io 
43 and 45 are constantly meshed with, and support, 
auxiliary section range gear 47 which rotates with the 
main shaft 31 . Auxiliary countershaft gears 49 and 51 
are also fixed to, and rotate with, the countershafts 39 
and 41 , respectively, and are constantly meshed with, is 
and support range/output gear 53. Although the pres- 
ent invention will be illustrated and described in con- 
nection with rotatably supporting the countershafts 
27 and 29, those skilled in the art will recognize that 
the invention could also be applied advantageously to 20 
the countershafts 39 and 41. 

Asynchronized sliding jaw clutch collar 57 isfixed 
for rotation to the output shaft 55 and Is utilized se- 
lectively to couple either the range gear 47 or the out- 
put gear 53 to the output shaft 55. The output gear 53 25 
is connected to the output shaft 55 only when the syn- 
chronizer 57 is shifted rearward. The structure and 
function of the auxiliary transmission section 15 is 
also now well known to those skilled in the art. and will 
not be described in any further detail, again partly in 30 
view of the above incorporation of the several U.S. pa- 
tents. 

Refenring now primarily to FIG. 2, the bearing re- 
tention arrangement of the present Invention is illu- 
strated therein. Disposed radially between the main 35 
shaft 31 and a centrally-disposed opening in the In- 
termediate wall portion 35 is a ball bearing set 59, 
shown in FIG. 2 primarily as a point of reference, but 
also shown schematically in FIG. 1. The countershaft 
27 includes a shoulder 61, which comprises the 40 
"mounted portion" of the countershaft 27, and on 
which Is disposed an inner race 63 (cone) of the bear- 
ing set 37. Seated against the inner race 63 Is a plur- 
ality of tapered roller bearing members 65, and sur- 
rounding the members 65 is an outer race 67 (cup). 45 

The intermediate wall portion 35 defines a for- 
ward surface 71 and a rearward surface 73. The wall 
portion 35 further defines a retainer opening 75, 
through which the countershaft 27 extends. In the 
subject embodiment, the retainer opening 75 must be so 
just large enough to permit insertion of the counter- 
shaft 27 through the opening 75 (moving from the 
rear toward the front, or right to left in FIG. 2). 

As may best be seen in FIG. 4. the retainer open- 
ing 75 includes a pair of axially extiendlng recesses 77 55 
and 79. Finally, the forward surface 71 of the wall por- 
tion 35 defines a shallow, annular recess 81 , the func- 
tion of which will be described subsequently. 



Referring now primarily to FIG. 5, in conjunction 
with FIG. 2, there is illustrated a bearing retainer, gen- 
erally designated 83 which defines a generally cylin- 
drical peripheral outer surface 85, the surface 85 be- 
ing received within the retainer opening 75, and close- 
ly spaced apart therein. At the rearward end of the re- 
tainer 83 is an annular, radially inwardly extending 
portion 87, the function of which Is to serve as a stop 
for the outer race 67, i.e., preventing movement there- 
of in the rearward direction. 

Preferably, the bearing retainer 83 may comprise 
a unitary cast iron member, or it may comprise a steel 
member, although it should be understood by those 
skilled in the art that the present invention is not lim- 
ited to any particular material for the retainer 83. If the 
bearing retainer 83 is a cast iron member, it preferably 
may be used in the as-cast condition, not requiring 
any expensive and time consuming machining. In the 
subject embodiment it is not believed that any partic- 
ular heat treatment or surface treatment is required 
for the retainer 83, and the various dimensions and di- 
mensional relationships involved are merely such as 
would be well known to those skilled in the art of bear- 
ings and bearing retainers. 

Formed integrally with the bearing retainer 83 is 
a pair of radially extending bayonets 89 and 91 which, 
as may be seen in FIGS. 2 and 5, are fairly short, in 
both the axial and radial directions, compared to the 
overall dimensions of the retainer 83, Those skilled in 
the art will understand that the particular number of 
bayonets is not essential to the present invention, al- 
though it would clearly be preferable to have at least 
two bayonets, and probably no more than about four, 
for reasons relating to the assembly process. 

Referring now to FIGS. 4 and 5, it may be seen 
that the bayonets 89 and 91 are in the same orienta- 
tion, relative to an axis of rotation A, as are the axially 
extending recesses 77 and 79, respectively. Further- 
more, the recesses 77 and 79 confonm generally to 
the shape of the bayonets 89 and 91, respectively, 
but are somewhat larger than the bayonets, for rea- 
sons which will be described subsequently. It Is an es- 
sential feature of the present invention that the bay- 
onets 89 and 91 provide the front end of the bearing 
retainer 83 with an overall profile which is non-circu- 
lar. Furthermore, references hereinafter to the bear- 
ing opening 75 (including the recesses 77 and 79) 
conforming or corresponding to the overair profile of 
the forward (leading) end of the retainer 83 will be un- 
derstood merely to require that the retainer 83 be in- 
tertable within the opening 75 (to the position shown 
in FIG, 2), and thereafter be prevented from rearward 
axial movement relative to the wall portion 35. Refer- 
ring still to FIGS. 2 and 5, the bearing retainer 83 also 
defines a flat 93. the function of which will also be de- 
scribed subsequently. 

Referring again primarily to FIGS. 4 and 5, it may 
be seen that the recesses 77 and 79. as well as the 
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bayonets 89 and 91 are not exactly diametrically op- 
posite the axis of rotation A. The particular relation- 
ship of the recesses and the bayonets to the axis of 
rotation A is not an essential feature of the invention. 
Those skilled in the art will appreciate that being 5 
nearly diametrically opposed will provide a better dis- 
tribution of axial loads transmitted through the bear- 
ings 37 to the wall portion 35 by means of the bearing 
retainer 83, as will be described in greater detail sub- 
sequently. 10 

In order to assemble the bearing retainer 83 with- 
in the opening 75 of the wall portion 35, the retainer 
83 should be placed in the orientation shown in FIG. 
5, but coaxial with the opening 75, such that the bay- 
onets 89 and 91 are aligned, respectively, with the re- is 
cesses 77 and 79. Just prior to assembly, the bayon- 
ets 89 and 91 would be disposed just rearwardly of 
the rearward surface 73 (i.e., to the right in FIG. 2). 
The bearing retainer 83 Is then assembjed by moving 
it forwardly (to the left of FIG. 2) such that the bayon- 20 
ets 89 and 91 pass through the recesses 77 and 79, 
respectively, until the bearing retainer 83 Is In the ax- 
ial position shown in FIG. 2. Next, the bearing retainer 
83 is rotated from the position shown in FIG. 5, to the 
position shown In FIG. 3, with the bayonets 89 and 91 
being disposed within the annular recess 81. As may 
be seen in FIG. 3, by comparing the rotational orien- 
tation of the bayonet 89 to that of the recess 77, It may 
be seen that the retainer 33 has been rotated about 
45^ However, It should be understood that the 
amount of rotation of the retainer 83 In going from the 
"insertion" orientation (FIG. 5) to the "installed" orien- 
tation (FIG. 3) is not especially critical. 

In the subject embodiment, the overall assembly 
process is as follows. The Inner race 63. including the 
set of bearing members 65 (which would typically be 
"caged"), is pressed onto the shoulder 61 of the coun- 
tershaft 27, Next the countershaft 27 is moved for- 
wardly to the position shown in FIG. 2, as was descri- 
bed previously. Finally, the outer race 67 is lightly 
pressed Into the bearing retainer 83, which is then in- 
serted within the opening 75 in the manner described 
above, until the bearing memt)ers 65 are supported 
within the outer race 67. 

Typically, in practicing the bearing retention ar- 
rangement of the present Invention, It Is necessary to 
provide some sort of "anti-rotation" arrangement to 
prevent rotation of the bearing retainer 83 relative to 
the wall portion 35. If the bearing retainer 83 were 
able to rotate (as a result of vibration, etc.), there 
would always be the possibility of the retainer 83 mov- 
ing from its "installed" rotational orientation of FIG. 3 
to the "insertion" orientation of FIG. 5, after which it 
would be possible for the retainer 83 to slide rear- 
wardly, out of the opening 75. This would obviously re- 
sult in separation of the bearing members 65 from the 
outer race, and loss of bearing support for the rear- 
ward end of the countershaft 27. 



Therefore, it is considered technically essential to 
have an anti-rotation device. Such a device could 
take many forms, such as an anti-rotation pin, which 
could be a roll pin or could be in threaded engagement 
with the wall portion 35. However, in the subject em- 
bodiment, such additional structure Is unnecessary. 

Referring again just to FIGS. 2 and 3, it has been 
conventional practice to retain the ball bearing set 59 
which surrounds the main shaft 31, and to do so by 
means of an annular bearing retainer plate 95. The re- 
tainer plate 95 includes a radially inward lip or exten- 
sion 97 which engages and restrains the outer race 
of the bearing set 59 against movement rearwardly as 
viewed in FIG. 2. Therefore, in the subject embodi- 
ment, the bearing retainer plate 95 is provided with a 
radially extending tab 99, having a flat or straight out- 
er edge, which engages the flat 93 defined by the 
bearing retainer 83, as may best be seen in FIG. 3. 
Therefore, after the countershaft 27 is Installed in the 
position shown in FIG. 2, and the bearing retainer 83 
is assembled and in place, the bearing retainer plate 
95 is assembled as shown in FIGS. 2 and 3, and at- 
tached to the intermediate wall portion 35 by any suit- 
able means, such as a plurality of bolts (not shown in 
FIGS. 2 and 3). Such bolts v^ould, of course, be re- 
quired even in the absence of the bearing retainer 83 
of the present invention. Therefore, in the subject em- 
bodiment, the anti>rotalion device for the bearing re- 
tainer 83 is essentially "free". 

Referring again to FIG. 1, in the transmission 
shown schematically therein, there is a second coun- 
tershaft 29 which would also require bearing support 
of the type shown in FIG. 2, and would also utilize the 
bearing retainer 83 of the present invention. There- 
fore, the anti-rotation tab 99 engaging the flat 93 
would be duplicated in the bearing retention arrange- 
ment for the countershaft 29. 

Although the bearing retention anrangement of 
the present invention has been described in connec- 
tion with a compound change gear transmission, and 
nrwre specifically, in connection with the counter- 
shafts of the main transmission section, those skilled 
In the art will understand that the potential application 
of the present invention is much broader. In any ap- 
plication in which a shaft (or a functionally equivalent 
element) is to be rotatably supported and mounted 
relative to a wall or a casing or housing having a coef- 
ficient of thermal expansion which is substantially dif- 
ferent from that of the bearing outer race, the bearing 
retainer of the present invention may be utilized ad- 
vantageously. The bearing retainer of the present in- 
vention may also be used advantageously In any ap- 
plication where there would otherwise be concern 
about pressing the bearing outer race directly into the 
opening defined by the housing. 

The bearing retention anrangement of the present 
invention also provides a benefit whereby the bearing 
retainer 83 may be inserted from the rearward side of 
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by, after rotation of said sleeve member about 
an axis of rotation (A) of said shaft (27), to a 
second rotational orientation (FIG. 3), said re- 
taining portion (89) is disposed in engage- 

5 ment with a forward surface (81) of said hous- 

ing (35) to prevent substantial axial movement 
of said sleeve member (83) in a second direc- 
tion, opposite said first direction; and 
c) means (93,99) operable to maintain said re- 

10 taining portion (89) of said sleeve member 

(83) in said second rotational orientation (FIG. 
3), in response to radial and axial loads being 
applied to said shaft (27). 

15 2. A bearing retention arrangement as claimed in 
Claim 1t characten'zed by said sleeve member 
(83) including first (89) and second (91) retaining 
portions, said portions being generally diametri- 
cally oppositely disposed about said axis of rota- 

20 tion (A). 

3. A bearing retention arrangement as claimed in 
Claim 1. characterized by said bearing set (37) 
comprising an Inner race (63), an outer race (67), 
25 and a plurality of bearing members (65) disposed 
radially between, and in rolling engagement with 
said inner and outer races. 



the wall portion 35 for an application in which axial 
bearing loads are applied in a rearward direction (i.e., 
from the left in FIG. 2), wherein the bearing retainer 
83 includes a transverse surface which transmits the 
bearing load to the wall portion 35. As may best been 
seen in FIG. 2, a rearward load applied to the coun- 
tershaft 27 is transmitted through the bearing inner 
race 83, then through the bearing members 65 to the 
bearing outer race 67, exerting a rearward (to the 
right in FIG. 2) force on the radially inwardly extending 
portion 87, and therefore on the entire bearing retain- 
er 83. Such a rearward load is taken up by the wail 
portion 35 by means of the face-to-face engagement 
of the bayonets 89 and 91 within the annular recess 
81. 

The invention has been described in great detail 
in the foregoing specification, and it is believed that 
various alterations and modifications of the Invention 
wUI become apparent to those skilled In the art from 
a reading and understanding of the specification. It is 
intended that all such alterations and modifications 
are included in the invention, Insofar as they come 
within the scope of the appended claims. 



Claims 

1 . A bearing retention anrangement for use in rotat- 
ably mounting a shaft (27) relative to a housing 
(35) defining a bearing opening (75); said shaft 30 
(27) Including a mounted portion (61) adapted to 
be received within said bearing opening (75); a 
bearing set (37) disposed radially between said 
mounted portion of said shaft and said bearing 
opening (75), and a generally cylindrical sleeve 3S 
member being disposed radially between said 
bearing set (37) and said bearing opening (75), 
and defining a leading end; said bearing retention 
arrangement being characterized by: 

(a) said leading end of said sleeve member 40 
(83) including at least one retaining portion 

(89) extending radially beyond a cylindrical 
outer surface (85) of said sleeve member, 
whereby said leading end of said sleeve menrv 
ber defines an overall profile which is noncir- 45 
cular; 

(b) said bearing opening (75) of said housing 
being configured, over substantially the entire 
axial length thereof, to conrespond approxi- 
mately to said overall profile of said leading so 
end of said sleeve member (83) to permit in- 
sertion of said member, while In a first rota- 
tional orientation (FIG. 5), Into said bearing 
opening (75), with said leading end moving 
axially in a first direction through said bearing 55 
opening to an axial position (FIG. 2) in which 
said retaining portion is disposed axially for-, 
ward of said bearing opening (75), and where- 



4. A bearing retention arrangement as claimed in 
Claim 3, characterized by said sleeve member 
(83) includes a trailing end including a radially-in- 
wardly extending flange portion (87) operable to 
prevent axial movement of said outer race (67) of 
said bearing set (37) in said second direction, rel- 
ative to said sleeve member (83). 

5. A bearing retention arrangement as claimed In 
Claim 1, characterized by said shaft comprises a 
countershaft (27) of a main transmission section 
(13) of a change gear transmission (11), saki 
countershaft including a plurality of countershaft 
gears mounted for rotation with said countershaft 
(27), and in meshing engagement with mating 
gears disposed for rotation with a mainshaft (31). 

6. A bearing retention arrangement for use in rotat- 
ably mounting a shaft (27) relative to a housing 
(35) defining a bearing opening (75); said shaft 
(27) including a mounted portion (61) adapted to 
be received within said bearing opening (75); a 
bearing set (37) disposed radially between said 
mounted portion of said shaft and sakl bearing 
opening (75), and a generally cylindrical sleeve 
member being disposed radially between said 
bearing set (37) and said bearing opening (75) 
and defining a leading end; said bearing retention 
anrangement being characterized by: 

(a) said leading end of said sleeve member 
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(83) including at least one retaining portion 
(89) extending radially beyond a cylindrical 
outer surface (85) of said sleeve mennber; 
(b) said bearing opening (75) of said housing 
defining a recess (77) configured, over sub- 5 
stantlally the entire axial length thereof, to 
correspond approximately to said retaining 
portion (89), to permit insertion of said mem- 
ber, while in a first rotational orientation (FIG. 
5). into said bearing opening (75), with said re- io 
taining portion (89) passing axially in a first di- 
rection through said recess (77) to an axial 
position (FIG. 2) in which said retaining por- 
tion is axially forward of said bearing opening 
(75), and whereby, after rotation of said i$ 
sleeve member about an axis of rotation (A) of 
said shaft (27), to a second rotational orienta- 
tion (FIG. 3), said retaining portion (89) is dis- 
posed in engagement with a forward surface 
(81) of said housing (35), rotationally adjacent 20 
a forward end of said recess (77), to prevent 
substantial axial movement of said sleeve 
member (83) in a second direction, opposite 
said first direction; and 

c) means (93,99) operable to maintain said re- 25 
taining portion (89) of said sleeve member 
(83) in said second rotational orientation (FIG. 
3), in response to radial and axial loads being 
applied to said shaft (27). 

30 

7. A bearing retention arrangement as claimed in 
Claim 6, characterized by said sleeve member 
(83) including first (89) and second (91) retaining 
portions, said portions being generally diametri- 
cally oppositely disposed about said axis of rota- 35 
tion (A). 

8. A bearing retention arrangement as claimed In 
Claim 6, characterized by said bearing set (37) 
comprising an inner race (63), an outer race (67), 40 
and a plurality of bearing members (65) disposed 
radially between, and in rolling engagement with 
said inner and outer races. 

9. A bearing retention arrangement as claimed in 45 
Claim 8, characterized by said sleeve member 

(83) includes a trailing end Including a radially-in- 
wardly extending flange portion (87) operable to 
prevent axial movement of said outer race (67) of 
said bearing set (37) in said second direction, rel- 50 
ative to said sleeve member (83). 

10. A bearing retention arrangement as claimed in 
Claim 6, characterized by said shaft comprises a 
countershaft (27) of a main transmission section 55 
(13) of a change gear transmission (11), said 
countershaft including a plurality of countershaft 
gears mounted for rotation with said countershaft 



(27), and in meshing engagement with mating 
gears disposed for rotation with a mainshaft (31). 

11. Amethod of assembling and rotatably supporting 
a shaft (27) within a housing having a first wall 
portion (17) and a second wail portion (35) defin- 
ing a bearing opening 75); said method compris- 
ing the steps of: 

(a) pressing a bearing inner race (63) and a 
set of bearing members (65) onto a rearward 
mounted portion (61) of said shaft (27); 

(b) passing said shaft (27) forwardly through 
said bearing opening (75), toward said first 
wall portion (17) until said rearward mounted 
portion (61) is disposed within said bearing 
opening (75); 

(c) providing a generally cylindrical bearing re- 
tainer (83) including a plurality of retaining 
portions (89,91) extending radially beyond a 
cylindrical outer surface of said retainer at a 
leading end thereof; 

(d) forming said bearing opening (75) with re- 
cesses (77,79) to correspond approximately 
to said bearing retainer (83) and said retaining 
portions (89,91) over the entire axial length of 
said opening; 

(e) pressing a bearing outer race (67) into said 
bearing retainer (83); 

(f) passing said assembly of said outer race 
(67) and said bearing retainer (83) through 
said bearing opening (75), said retaining por- 
tions (89,91) passing axially through said re- 
cesses (77,79) until said retaining portions 
are disposed adjacent a forward surface (71) 
of said second wall portion (35) and said bear- 
ing outer race (67) engages said bearing 
members (67); 

(g) rotating said bearing retainer (83) until 
said retaining portions (89,91) are no longer 
rotationally aligned with said recesses 
(77.79). 

12. Amethod as claimed in claim 11 characterized by 
the further step, after step (g), of providing a 
member (95) operably associated with said bear- 
ing retainer (83) and with said second wall portion 
(35), to prevent substantial rotation of said bear- 
ing retainer from the position achieved in step (g). 
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